The hardening of lamellar polyethylene (PE) as a consequence of a controlled chlorosulfonation treatment has been studied using the microindentation technique. The hardness of the polymer turns out to be a linear function of the density of treated PE. The rate of increase is larger for samples with higher crystallinity. This increase is related to the hardening of crystal lamellae due to the surface attachment of electron dense groups. The latter impede the slippage of crystals and substantially reduce the rate of creep of the material under the contact pressure applied.
Influence of Chlorosulfonation on the Surface

SUMMARY
The hardening of lamellar polyethylene (PE) as a consequence of a controlled chlorosulfonation treatment has been studied using the microindentation technique. The hardness of the polymer turns out to be a linear function of the density of treated PE. The rate of increase is larger for samples with higher crystallinity. This increase is related to the hardening of crystal lamellae due to the surface attachment of electron dense groups. The latter impede the slippage of crystals and substantially reduce the rate of creep of the material under the contact pressure applied.
In a recent study (MARTINEZ-SALAZAR et al 1983) the characteristic morphological details of LDPE after controlled chlorosulfonation treatment were investigated. A salient feature of this study was the large weight increase (~100%) of the samples for sufficiently long periods of treatment time (50-i00h). After reac~on the groups fixed at the chains are predominantly HSO 3 (KANIG 1973) though additional oxidative groups have been also detected (HRADIL and STAMBERG 1971 ). An important result is that the thickness of the lamellar structure assessed by electron microscopy (EM), does not change with chlorosulfonation time. However, after long treatment times (~100h), when a saturation of electron-dense groups takes place within the amorphous layers, a reduction of the lateral dimensions of the lamellae is detected.
In the present study we set out to examine to what extent the penetration of the electron dense groups within the amorphous layer of the lamellar structure can affect the surface mechanical properties of the polymer. We have previously shown that surface hardness (MH) is a remarkably sensitive property to mo~ phological changes undergone by polymers. Specifically in isotropic PE, MH depends on crystal thickness, unit cell packing, crystallinity etc. (BALTA CALLEJA et al 1981) . The thicker are the crystals, the larger is the cohesion energy opposing a greater resistance to plastic deformation. The interlamellar non crystalline component contributes, on the other hand, to a reduction of the hardness value. The object of this study is, thus to investigate the influence of the selective chemical attack within the interlamellar component on the resistance to the local plastic deformation of the modified polymer.
The molecular weight, branching content and crystallinity of the investigated samples are given in Densities were measured by the gradient column and the flotation methods using a mixture of C14C and Toluene. Further experimental details on the morphology of the samples and the acid treatment can be found elsewhere (J. MARTINEZ-SALAZAR et al 1983) . Hardness measurements were performed with a Leitz tester using a square pyramid indenter (100 ~m height). The hardness value was calculated from the projected area of the residual indentation according to: MH = kp/d 2 (GPa), where d is the length of the impression diagonal, p is the contact load a~plied and k is a geometrical factor equal to 18.18xi0 ~ Hardness is, hence, taken as indicative of the irreversible deformation processes which characterize the material. Loads of 5xl0-2kg were used to obtain sufficient indentation areas which minimize the inherent inhomogenities of the degraded material. Fig. 1 illustrates the striking increase of hardness as a function of treatment time for various samples. The initial hardness value (t = 0) is known to be an increasing function of lamellar thickness, and, hence, of crystallinity (BALTA CALLEJA 1976). The polymer has been, further, visualized as a composite consisting of hard (crystalline) and weak (amorphous) elements whose overall hardness responds to H = eHc+(l-~)H a (BALTA CALLEJA et al 1981) , where H c and H a are the hardness values of the crystals and amorphous layers respectively. Fig. 1 also indicates that for a given treatment temperature, the sample with
